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(54)TiUe: A FUEL CELL ASSEMBLY 




(57) Abstract 



A fuel cell assembly (10) comprising a stack of a plurality of planar fuel cells (16) each compnsmg an ^ ^^^/f ^^^/^^^^^^ 
an anode layer (18) on one side and a cathode layer (22) on the other side and a plurality of mterconnect memben (12, l^^^^^inw a^l 
(16) being disposed between and in electrical contact with an adjacent pair of interconnect members (12. 14) widi ^^y^^^^J^^'^^^^ ^f^, 
passage means (28) being fomicd between the cathode layer (22) of each fuel cell (16) and the adjacent interconnect member (Ij)^"*,;"^* 
gas i^sage means (38. 42) being formed between the anode layer (18) of each fuel cell (16) and the adjacent mterconnect member (12X 
md wherein a chamber (36) of greater height than the thickness of the respective fuel cell (16) is defined between the adjacent interx^nnec 
members (12 14) in each pair within which the fuel cell (16) is received, and electrically conductive compressible means (32, 3». 4U. 
also disposed within the chamber (36) in electrical contact with a first side (18) of the fuel cell (16) and the adjacent ^'Jterconnect rnember 
(12) urges the fuel cell (16) towards the adjacent interconnect member (14) on the second side (22) thereof to mamtain the ftiel ce ( 6) 
in electrical contact with both adjacent interconnect members (12. 14). TTic fuel cell assembly (10) may comprise a single fuc^^ cell (10) 
between two interconnect members (12. 14). The compressible means (32) may comprise a corrugated sheet (42) of Ni or Ni alloy. 



<WO_ 98573B4A1 1 > 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


. France 


. LU : 


Luxembourg 


: SN^ ■ 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guiitca 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Bnitina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


, TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel . 


MR 


Mauritania 


UG 


Ugaitda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


J^>an . 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG . 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ ' 


New Zealand 






CM 


Canmoon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






C2 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDCX:iD: <WO 9857384A1_I_> 



wo 98/57384 PCT/AU98/00437 

- 1 - 

A FUEL CELL ASSEMBLY 

The present invention relates to a fuel cell assembly comprising a stack of a plurality of planar 
fuel cells, and is particularly concerned with such a fuel cell assembly in which the 
5 compressive load on each fuel cell is independent of its position in the stack. The invention 
also extends to a single fuel cell assembly. 

A fuel cell assembly comprising a stack of a plurality of planar fuel cells requires interconnect 
means between each pair of adjacent fuel cells to transfer electrical current and heat from the 
10 fuel cells, to facilitate the conveyance of oxygen-containing gas and fuel gas to respective 
sides of each fuel cell, and to keep the oxygen-containing gas and fuel gas apart. 

In a single fuel cell planar fuel cell assembly the interconnect means are effectively terminal 
plates which transfer electrical current and heat from the fuel cell and facilitate the 
15 conveyance of oxygen-containing gas and fuel gas to respective sides of the fuel cell. 
Likewise, the end interconnect means in a stack of planar fuel cells are effectively terminal 
plates. However, for convenience, all the aforementioned interconnect means, whether 
between adjacent ftiel cells or terminal plates, will hereinafter be referred to as "interconnect 
members". , . .... 

20 

Commonly, the fuel cells and interconnect members have the same cross-sectional area and 
the electrical contact between the cells and interconnect members and the sealing of respective 
sides of each fuel cell from each other is maintained by using the force imparted by the 
weight of the cell(s) and/or interconnect members above any one cell. Thus, the fuel cells 
25 are fully load bearing. Examples of such an arrangement are described in international patent 
applications PCT/AU 96/00 140 and PCT/AU96/00594. The problem with this approach is 
that the lower cells in the stack carry greater weight than the upper cells. For a stack with 
a large number of fuel cells the load on the lower cells can be significant. 

30 The carrying load of a ceramic, such as in a solid oxide electrolyte fuel cell, is much higher 
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in compression than in tension and the fiilly load-bearing arrangement described above 
assumes that, in a perfect system, the cells carry only a compressive load. This compression- 
only model acquires near perfect flatness of all load carrying parts since unevenness will lead 
to tensile forces in the structure and to the possible breakage of the fuel cells. In practice it 
5 is not possible to ensure such a quality of flatness in all of the load carrying parts. 

The problem of possible breakage of solid oxide electrolyte fuel cells due to tensile forces 
applied to them in use has not been very substantial in Lhe past due to the relatively high 
strength structure of previously proposed fuel cells such as those described in the 

10 aforementioned intemational patent applications. In this type of fuel cell, the solid oxide 
electrolyte layer is relatively thick compared to the anode and cathode layers applied to 
respective sides and has substantial strength. However, recent developments have introduced 
solid oxide electrolyte fuel cells in which the electrolyte layer is considerably thinner and is 
not a primary load bearing layer. Instead the porous anode layer acts as the primary load 

1 5 bearing layer and uneven or excessive loads applied to these ftiel cells can be very destructive. 

A further problem with a fuel cell in a stack carrying the full mass of the fiiel cells and 
interconnects above it is. that the relatively wealc porous electrode layers of the fuel cell may 
collapse under the load. 

20 

European patent application EP 0568991 describes a fuel cell assembly comprising a stack of 
a plurality of planar fuel cell structures, each comprising a fuel cell and a single interconnect 
member on one side. Each fuel cell structure is located in a hollow plate and is separated 
from an adjacent fiief cell strucmre by a hollow interaiediate plate, with the interconnect 

25 member of one fuel cell stmcture being maintained in electrical contact with the anode of an 
adjacent fuel cell stmcture by a felt-like nickel metal conductive material disposed in the 
hollow intermediate plate. Each fuel cell carries the load of the associated interconnect 
member. Furthermore, each fuel cell structure is compressed between a seal element and 
inlet defining elements of the adjacent intermediate plates so that increasing compressive loads 

30 may still be applied to fuel cells down the stack. 
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It is an object of the present invention to alleviate the aforementioned disadvantages of the 
prior art. 

According to the present invention there is provided a fuel cell assembly comprising a stack 
5 of a plurality of planar fuel cells each comprising an electrolyte layer having an anode layer 
on one side and a cathode layer on the other side and a plurality of interconnect members, 
each fuel cell being disposed between and in electrical contact with an adjacent pair of 
interconnect members with oxygen-containing gas passage means being formed between the 
cathode layer of each fuel cell and the adjacent interconnect member and fuel gas passage 

10 means being formed between the anode layer of each fuel cell and the adjacent interconnect 
member, and wherein a chamber of greater height than the thickness of the respective fuel cell 
is defined between the adjacent interconnect members in each pair within whicH the fuel cell 
is received, and electrically conductive compressible means also disposed withinf the chamber 
in electrical contact with a first side of the fuel cell and the adjacent interconnect member 

15 urges the fuel cell towards the adjacent interconnect member on the second side thereof to 
maintain the fuel cell in electrical contact with both adjacent interconnect members. 

^ By this arrangement, each fuel cell is displaceably received within the respective^ chamber but 
for the associated electrically conductive compressible means and the compressive load on 
20 each fuel cell is provided by the respective compressible means. Thus, the compressive load 
on each fuel cell is independent of the position of the fuel cell in the stack. This means that 
• a reduced compressive load may be applied to each fuel cell which is particularly 
advantageous for the aforementioned solid oxide electrolyte fuel cells in which the electrolyte 
layer is not a primary load bearing layer. It also means that the load conditions in each 
25 chamber can be the same throughout the stack, so that the properties of the materials used in 
the stack do not need to vary according to the position of the fuel cell in the stack. 



The invention is also applicable to a fuel cell assembly comprising a single fuel cell. 
Accordingly, the invention further provides a fuel cell assembly comprising a planar fuel cell 
30 having an electrolyte layer with an anode layer on one side and a cathode layer on the other 



BNSDOCID: <WO 9857384Al_l_> 



wo 98/57384 PCT/AU98/00437 



4- 



side, the fuel cell being disposed between and in electrical contact with respective interconnect 
members, oxygen-containing gas passage means being formed between the cathode layer and 
the adjacent interconnect member and fuel gas passage means being formed between the 
anode layer and the adjacent interconnect member, and wherein a chamber of greater height 
5 than the thickness of the fuel cell is defined between the interconnect members within which 
the ftiel cell is received and electrically conductive compressible means also disposed within 
die chamber in electrical contact with a first side of the fuel cell and the adjacent interconnect 
member urges the fuel cell towards the adjacent interconnect member on the second side 
thereof to maintain the fuel cell in electrical contact with both interconnect members. 

10 

The compressible means may take any of a variety of forms which maintain at least a 
minimum desired compressive force on the fuel cell even at tlie operating temperature of the 
fuel cell assembly. It is desirable that the compiessible means maintains electrical contact 
between the fuel cell and the interconnect member during the full life of the fuel cell in use 
15 and therefore that it is not subject to more than minimal creep under the compression load. 
Any creep should not be so great as to cause the electrical contact to be broken. 



Preferably the compressible means is disposed on the anode side of the fuel cell. Examples 
of the metal or metallic material vfhich may be used for or in a compressible means on the 
20 anode side of the fuel cell include nickel, nickel alloy such as nickel-chrome and nickel- 
aluminium, and oxide dispersion strengthened nickel. Alternatively, the nickel may be 
replaced by other suitable metal or metals from Groups 8-11 of the Periodic Table. 

Possible examples of the compressible means for use on the anode side of the fuel cell include 
25 a structure, such as a metallic, cormgation or a porous metallic felt, which retains some 
. re;silience at the operating temperature; and a composite of a porous brittle material and a 
metal. 

The composite of brittle material, such as a ceramic, and a metal may be designed such that 
30 the brittle material yields at, the applied loading but does not fail completely so that it will 



BNSDOCtD: <WO e857384A1_L> 



wo 98/57384 PCT/AU98/00437 



- 5 - 



maintain pressure on the fuel cell between upper and lower limits. The metal maintains the 
electrical path, and preferably a heat path, through the composite and may provide 
reinforcement for the brittle material. 

5 Preferably the compressible means is resilient so that a compressive load may be maintained 
during, for example, temperature cycling of the fuel cell assembly. In a preferred 
embodiment, the resistance is provided by a cormgated metal or metallic sheet, optionally 
with a substantially flat sheet of metal or metallic material disposed between the corrugated 
sheet and the first side of the fuel cell to alleviate any sliding movement between the 
10 corrugated sheet and the first side of the fuel cell as the corrugated sheet is compressed. 

' The flat sheet must permit the gas to contact the first side of the fuel cell and may^^be porous 
or otherwise have gas flow passages tlierethrough. Preferably, the flat sheet isrformed of 
. expanded material, that is with an array of. slits formed in the material and the sheet being 
15 stretched to open up. the slits. . - 

If the gas passage means on the first side of the fuel cell is formed between the adjacent 
interconnect member and the cormgated sheet, the cormgated sheet must beiporous or 
otherwise have gas flow passages therethrough. In the preferred embodiment, the cormgated 
20 sheet is formed of ejqjanded material. However, the corrugated sheet may be used to define 
the gas passage means, in which case it may not heed to have gas flow passages therethrough. 

The cormgated sheet may be joined to the adjacent interconnect member, for example by spot 
welding, in order to control the compressibiliiy of the corrugated sheet. Alternatively, the 

25 substantially flat sheet of metal or metallic material may be disposed between the corrugated 
sheet and the adjacent interconnect member and may be joined to the cormgated sheet by, for 
example, spot welding. This substantially flat sheet may also be of expanded material or 
otherwise have gas flow passages therethrough and may be joined to the interconnect member, 
for example by spot welding. 

30 . • . . .. . 
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The compressible layer may alternatively comprise an integral compliant layer on the 
interconnect member which is adjacent the first side of the fuel cell. 

For a compressible means on the cathode side of the fuel cell, in addition to having electrical 
5 conductivity and porosity the material should be resistant to oxidation, for example a form 
of ceramic felt or other fibre structure.- 

Electrically conductive corripressible means as described above may also be disposed within 
- the chamber in electrical contact with the second side of the fuel cell and the adjacent 
10 interconnect member. Advantageously, compressible means on only one side is disposed on 
the upper side of the fuel cell: 

The chamber for tJie fuel cell may be defined by a recess in one or both of the adjacent 
intercorinect members, with the interconnect members being electrically insulated from each 
15 other around tlie chamber, and/or by an insulating spacer between the adjacent interconnect 
members around the chamber. The insulating spacer may be formed of an insulating 
material, for example a ceramic such as alumina, or, for example, of a conductive material, 
such as a metal, having an insulating coating or surface layer thereon. 

20 Gas flow channels across one or both sides of the interconnect members for flow of oxygen- 
containing gas and/or fiie! gas to respective sides of the fuel cells may be formed in the 
interconnect members. To minimise machining or other finishing of the interconnect 
: members, the channels for gas flow to at least the first side of the fuel cell are advantageously 
. defined by the compressible means, as described above, and the compressible means 
25 advantageously contacts a flat side of the adjacent intercomiect member. The interconnect 
member may conveniently be formed of a stainless steel. 

The fuel cell assembly, may be externally manifolded for the gas flows, for example as 
described in the aforementioned EP 0568991, but is preferably internally manifolded. Thus, 
30 the oxygen-containing gas and fuel gas supply and exhaust passages preferably pass through 
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the interconnect members, and possibly through the aforementioned insulating spacer if 
provided. 

A seal which is advantageously compressible in use is conveniently provided around a 
5 peripheral portion of the fuel cell between the second side thereof and the adjacent 
interconnect member to seal the fuel gas and the oxygen-containing gas in the chamber from 
each other. Since the electrode layers may have a degree of porosity, it is desirable for the 
. electrode layer on the second side of the fuel cell, preferably the cathode layer as described 
above, to not extend into the peripheral portion of the fuel cell , so. that the seal engages the 

10 electrolyte layer. Preferably, .when the compressible means is provided on only the first side 
of the fuel cell, the seal is compressible in use to the extent that the electrode on the second 
side of the fiiel cell abuts and makes electrical contact with the adjacent interconnect member 
at the operating temperature. In a preferred rcmbodiment, the seal is solid at room 
temperature, and therefore during assembly, .but becomes, viscous at the operating 

15 temperature, for example 700° C to 1,000°C, of the fuel cell assembly. Advantageously, the 
seal is a glass-containing gasket which may comprise^plural layers of glass containing 
material. ; '■ / . -xn. -.:-'^ : 

The seal, or a separate seal member, may extend between the adjacent interconnect members 
20 or between the interconnect member adjacent the second side of the fuel cell and the 
aforementioned insulating spacer. A further seal member, which may be thinner than the seal 
and/or the first-mentioned seal member may be provided between the insulating spacer and 
the interconnect member adjacent the first side of the fuel cell. The first and second 
mentioned seal members may be formed of the same or similar material to the seal and may 
25 also be compressed in use of the fuel cell assembly. . 

The or each fuel cell may be one of an array of fuel cells in a respective layer of plural planar 
fuel cells in the assembly, with each fuel cell being disposed in a chamber in accordance with 
the present invention. Advantageously, the interconnect members adjacent a common side 
30 of all or more than one of the fiiel cells in each array are formed in a single plate. Likewise, 
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the aforementioned insulating spacer, if provided, may define partly or wholly all or more 
than one of the chambers for the fuel cells in each array. 

The present invention will be further described by way of example only with reference to the 
5 accompanying drawings in which: 

Figure 1 is a sectional elevation of a fuel cell assembly including one fuel cell, taken 
on the line A-A of Figure 2; . 

Figure 2 is an exploded perspective view of the fuel cell assembly of Figure 1 ; 

Figure 3 is a plan view from above of one of the interconnect members shown in 
10 Figure 1; ^ . . - 

Figure 4 is a plan view from below of the interconnect member of Figure 3; 

Figure 5 is a plan view from above of the insulating spacer plate of the assembly of 
Figure 1; 

Figure 6.is a plan view from above of an alternative interconnect plate incorporating 
1 5 four interconnect meml)ers for a use in a ftiel cell assembly having an array of four parallel 
sets of fuel cells; 

Figure 7 is a sectional view along the line A-A of Figure 6; 
Figure 8 is a sectional view along the line B-B of Figure 6; 

Figure 9 is a plan view from above of an insulating spacer plate for use with the 
20 interconnect plate of Figure 6; 

Figure 10 is a sectional view along the line A-A of Figure 9; 

Figure 11 is a graph showing the power curve for ttie single cell assembly of Example 

1; 

Figure 12 is a graph shov/ing the power curve for the six cell fuel cell stack of 
25 Example 2; and . . 

Figure 13 is a graph showing the time curve for the six cell stack of Example 2. 

Referring to Figures 1 to 5, the single: fuel cell assembly 10 comprises a pair of spaced 
interconnect plates 12 and 14 with a single fuel cell 16 between them. The present invention 
30 is particularly applicable to a stack of a plurality of fuel cells, but will operate with a single 
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fuel cell and is described accordingly for convenience. 

The ftiel cell 16 is illustrated as of the type in which the anode 18 is the primary load bearing 
layer with a thin electrolyte layer 20 on one surface and a thin cathode layer 22 applied to the 
5 electrolyte layer 20. Such cells are known for intermediate temperature operation of a fuel 
cell assembly, at around 800**C, but the fuel cell 16 could be replaced by, for example, a fuel 
cell as described in the aforementioned International patent applications. 

In the fuel cell 16, the solid oxide electrolyte layer 20 may comprise YiOa-doped ZrOj (YSZ) 
10 having a thickness of about 20 microns laminated on a Ni/ YSZ anode having a thickness 
greater than about 0.5mm, for example 0.8 to 1 .0mm: The cathode layer 22 may comprise 
strontium doped lanthanum manganite (LSM) having a thickness of about 50 to TOO microns. 

The anode and cathode layers 18 and 22 are porous, and the cathode layer 22 is of reduced 
15 area compared to the anode and electrolyte layers 18 and 20, not extending to the periphery 
of the electrolyte 20, for sealing purposes. 

The interconnect plates J2 and 14 may be formed of any of the materials described in the 
aforementioned International patent applications, but are preferably formed of corrosion 

20 resistant stainless steel which has a degree of creep at the operating temperature allowing 
improved electrical contact and stress relief without optical grinding to provide smooth 
surfaces. A suitable material is described in our co-pending Australian patent application 
entitled "A Heat Resistant Steel" , the contents of which may be incorporated herein by 
reference. The stainless steel interconnect plates may be suitably coated to enhance electrical 

25 contact. For example, the cathode side 24 may have a coating of La-Sr-CrOa (LSC), while 
the anode side 26 may have a nickel coating! 

The interconnect plates 12 and 14 are shown ribbed on only the cathode side 24 to facilitate 
air flow across the cathode layer 22 of the fuel cell 16, and the channels 28 between the ribs 
30 30 may have an alumina coating to minimise corrosion. In the illustrated embodiment, fuel 
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gas flow on the anode side 26 of the interconnect plates is directed by a compression member 
32, as described hereinafter, but it could be facilitated by cooperating channels in the anode 
side 26 of the interconnect plates, or the fiiel gas distribution across the anode side 18 of the 
fuel cell 16 may be performed substantially only by channels on the anode side 26 of the 
5 interconnect plates, for example as described in the aforementioned International patent 
applications. 

It will be appreciated that in a single fuel cell assembly as shown in Figure 1, there will be 
no air flow across the side 24 of the interconnect plate 12 and no fuel gas flow across the side 

10 26 of the interconnect plate 14, so the channels and ribs 28 and 30 in the interconnect plate 
12 may be omitted. Similar considerations apply to the end interconnect plates in a stacked 
fuel cell assembly. In a stack, further ftiel cells 16 are disposed between respective pairs of 
interconnect plates in the manner described below, with a single interconnect plate disposed 
between adjacent fiiel cells. 

15 . . . 

The interconnect plates 12 and 14 are spaced apart by an msulating spacer plate 34 having an 
opening 36 therethrough defining a chamber berA^een the interconnect plates within which the 
^ fuel cell 16 is. received. The spacer plate may be formed of, for example, alumina or a 
conducting material such as stainless steel with an insulating coating, for example of alumina. 
20 The insulating spacer plate 34 is of greater thickness than the fuel cell 16, and the 
compression member 32 is disposed between the interconnect plate 12 and the anode layer 18 
of the fuel cell 16 witJiin the chamber defined by the opening 36 of the spacer 34. The 
compression member 32 may be formed of for example nickel or nickel alloy and maintains 
electrical contact between the interconnect plate 12 and the anode layer 18 of the fuel cell, 
2^ Additionally, the compression member 32 applies pressure to the fuel cell 16 from the 
I interconnect plate 12 to maintain the cathode layer 22 in electrical contact with the cathode 
^ side 24 of the interconnect plate 14. However, this pressure is limited by the spacer plate 34 
so that it is independent of the number of fuel cell assemblies which may be above the 
assembly 10 in a stack. This greatly enhances use of the relatively weak fiiel cell 16 
30 compared to the fuel cells described in the aforementioned International patent applications. 
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The compression member 32 comprises three sheets of superposed expanded nickel mesh. 
The outer sheets 38 and 40 are flat, but the inner sheet 42 is corrugated. Each of the sheets 
has a thickness of about quarter of a millimetre, and the overall thickness of the compression 
member 32 is 1.5 to 2mm, for example about 1.7mm. 



The corrugated nature of the inner sheet 42 facilitates fuel gas flow across the chamber 
defined by the opening 36, and the open mesh nature of the expanded sheets allows the 
distributed fiiel gas to contact the anode layer 18 of the fuel cell. 



its thickness so as to provide the desired compressiveJorce between the interconnect pfctte 12 
and the fiiel cell. The compressive force must be able to be maintained throughout'^use of the 
fuel cell, in order to maintain electrical contact between the fuel cell and both interconnect 
plates 12 and 14, and the inner sheet 42 is advantageously secured to one of the outer sheets 

15 38 and 40, for example by spot welding, to increase the resistance to compression. 
Advantageously, the inner sheet 42 is spot welded to the outer sheet 38 and the outei sheet 
40 alleviates any sliding contact betweeh the inner sheet 42 as it' is compressed and the anode 
layer 18 of the fuel cell. Alternatively, the: outer sheet 38 may be omitted and the conogated 
inner sheet 42 may be spot welded directly to the interconnect plate 12. Alternatively again, 

20 in this embodiment, the outer sheet 40 could also be omitted. Likewise, the corrugated inner 
sheet 42 could be bonded to one of the outer sheets 38 and 40, as by spot welding, and the 
other outer sheet may be omitted. It is envisaged that a replacement of the nickel material 
of the compression member 32 by nickel alloy may improve the desirable characteristics of 
the compression member. ■ 



It is important to seal the air in the chamber on the cathode side of the fuel cell from the fuel 
gas in the chamber on the anode side, and a seal in the form of a glass containing gadtet 44 
is seated on the cathode side 24 of the interconnect plate 14 around the air distribution 
channels 28. The gasket 44 extends fully between the interconnect plate 14 and the spacer 
30 plate 34 and also between the interconnect plate 14 and a peripheral region 46 of the fori cell 



5 



10 The corrugated inner sheet 42 also gives the memb 




a degree of compressibility ttaough 



25 
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16. Since the cathode layer 22 of the fuel cell is porous, it does not extend into the peripheral 
region 46 and the gasket 44 contacts the fully dense solid oxide electrolyte layer 20 in the 
peripheral region 46. If desired, the portion of the gasket 44 contacting the peripheral region 
46 of the fuel cell could be separate from the portion of the gasket contacting the spacer plate 
5 34. A thinner glass containing gasket 48 is disposed between the spacer plate 34 and the 
anode side 26 of the interconnect plate 12 to seal the anode side of the chamber. 

The gaskets 44 and 48 are conveniently formed of plural layers of glass containing material 
which is rigid under ambient conditions but which becomes viscous at the operating 

10 temperature of the fuel cell. This enables the gaskets 44 and 48, particularly the thicker 
gasket 44, to compress and tl.iereby cnsiire the desired seal , witli the compression in practice 
being such as to ensure the cathode layer 22 on the fuel cell is urged by the compression 
member 32 into contact with the cathode side 24 of the interconnect plate 14. As the gaskets 
44 and 48 are compressed, the interconnect plates 12 and 14 move towards each other, but 

1 5 this movement is limited by the spacer plate 34 so that the degree of compression applied to 
the fuel cell by the compression member 32 is limited and is independent of the position of 
the fuel cell assembly 10 in a stack of fuel cells. 



Referring now to Figures 2 to 5, it may be seen that the ftjel cell assembly 10 is intemally 
20 manifolded, that is manifolds for the oxygen-containing gas and fuel gas extend through the 
interconnect plates 12 and 14 and the spacer plate 34, as well as through the gaskets 44 and 
48. However, this is not essential and the fuel cell assembly 10 could be externally 
manifolded. 

25 In Figures 2 to 5 it may be seen that the oxygen-containing gas inlet manifold 50 and outlet 
manifold 52 are diagonally opposed to each other so as to ensure proper distribution of the 
gas across the channels 28. Likewise, the fuel gas inlet manifold 54 and outlet manifold 56 
are diagonally opposed to each other to ensure even distribution of the fuel gas across the 
distribution channels defined by the compression member 32. The flow directions for the 

30 oxygen-containing gas and fiiel gas are shown parallel, but they could easily be made 
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counterflow by swapping one of the pairs of inlet and outlet manifolds. Likewise, the 
invention is applicable to a cross flow arrangement, much as described with reference to 
Figures 6 to 10. 

5 The oxygen-containing gas inlet and outlet manifolds 50 and 52 communicate with the 
distribution channels 28 in the interconnect plate by way of inlet and outlet passages 58 and 
60 and distributors 62 and 64 defined by grooves in the interconnect plate. The inlet and 
outlet channels 58 and 60 are recessed on each side at 66 to receive a sealing shim (not 
shown), for example of stainless steel. The gasket 44 may extend over the sealing shim. 

In Figure 5, it may be seen that the spacer plate 34 has fuel gas inlet and oudet passages 68 
and 70 defined by respective grooves extending between the manifold passag^Ss 54 and 56 
therethrough and the opening 36 defining the chamber for the fuel cell 16 and compression 
member32.-' ' 

15 , v. ■ ' 

Referring now to Figures 6 to 10, it may be seen that the present invention may be applied 
also to a fuel cell assembly incoipbrating' a parallel arraiy of, for example, four fuel cells. 
One interconnect plate 80 and one spacer plate 82 are illustrated for this purpose in Figures 
6 to 8 and Figures 9 and 10 respectively. The fiiel cells are not shown, but they will be 

20 individual and may be identical to the fuel cell 16 described above. 

Likewise, the interconnect plate 80 and spacer plate 82 will be assembled in identical manner 
as has been described above with correspondingly shaped sealing gaskets above and below the 
spacer plate 82 extending around the four openings 84 in the spacer plate defining chambers 
25 within which respective assemblies of a fuel cell and a compression member such as the 
member 32 will be received. - . . 

The interconnect plate 80 and spacer plate 82 are also internally manifolded, but in a different 
manner to the manifolding in the fuel assembly 10. In Figures 6 to 10, a cross flow 
30 arrangement is used so that the compression member 32 would be rotated through 90** 
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compared to its orientation in the fuel assembly 10 with the distribution channels defined by 
the corrugations of the inner sheet 42 extending perpendicularly to the air side distribution 
channels 86 in the interconnect plate 80. This arrangement allows the arrayed fuel cell 
assemblies to be paired for manifolding purposes. Thus, while each array has a respective 
5 oxygen-containing gas inlet ; manifold passage 88 for each fuel cell, respective oxygen- 
containing gas oudet manifold passages 90 are common to paired fuel cells. Likewise, each 
array has a respective fuel gas inlet manifold passage 92 for each fuel cell, but fuel gas outlet 
manifold passages 94 are common to respective pairs of the fuel cells. The manifold passages 
all extend at least substantially across the full width of the respective opening(s) 84. It will 
10 be appreciated that the respective gas flows may be reversed by swapping the inlet and outlet 
manifold passages. 

Two examples will now be given illustrating the performance of the fuel cell assembly 10 
illustrated in Figures 1 to 5. In Example 1 only a single fuel cell was tested, but in Example 

15 2 the fuel cell assembly comprised a six cell stack. The eel! assem.blies in the Examples were 
identical and comprised 50mm by 50mm fuel cells, each comprising a Ni/YSZ anode layer 
of greater than 0,5mm thickness having a 20 micron YSZ electrolyte layer laminated thereto 
wf:th a 100 micron LSM cathode layer on the other side of the electrolyte. The compression 
member in each cell assembly cornprise a corrugated expanded nickel mesh with flat sheets 

20 of nickel mesh on each side, one of which was spot welded to the corrugated mesh, to give 
a total thickness of about 1 .7mm, each sheet having a thickness of about 230 microns. The 
interconnect members were corrosion resistant stainless steel having an LSC conducting layer 
on the ribs and an alumina coating in the distribution channels on the cathode side, and a 
• nickel coating on the fuel side. The composition of the stainless steel was, in wt. %: Cr 

25 26.25-28; C 0.011-0.080; Si 0.01-0.09; Mn 0.01; Ni 0.01; S 0.001-0.002; P 0.002; rare 
earth metal 0.01-0.15, residue iron, excluding incidental impurities any of which were at 
trace levels or below. The spacer plate in each fuel cell assembly was of alumina, with a 
thickness of 2mm, and the gaskets were of a glass-containing material which became viscous 
at the operating temperature of 800°C. The thicknesses of the gaskets were adjusted so as 

30 to be optimum for providing the desired sealing. 
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Example 1 

After heating the single fuel cell assembly to 800^C, fuel gas (4% water in hydrogen) was 
passed over the anode via the compression member. Air was used as the oxygen-containing 

5 gas. The cell sealed well and reached the theoretical open circuit voltage of 1 .084 V. The 
cell produced a peak power of about 450 mW/cnr at 16 amps, as shown in Figure 11. The 
cell was run for a total of 250 hours, and then terminated for post mortem analysis. In-situ 
electrochemical diagnostic tests showed low contact resistance, indicative of the compression 

• member having performed v/ell. ^ 

10 , .■ . -'■ - : • • • - ^ - : ^- ■■ - ' 

Example 2 ' . ^ = 

After assembly of the six fuel cell stack, the stack was heated in the test station to SOO^C 
Then the stack was tested with 4% water in hydrogen as the fuel gas and air as the oxidant 

1 5 gas. The stack sealed well, with all six cells reaching the theoretical open circuit voltage of 
1 .084 V. The stack reached a peak power -of 29 W af 10 A, as shown in Figure 12. The 
stack was then operiated at 150 mA/cm^ and 200 mA/crn- for a period of 250 hours before 
being shut down for analysis, and the results are shown in Figure 14. The stack sealed well 
over the complete test period. In^situ electrochemical tests indicated excellent contact 

20 between the cells and the interconnect plates, demonstrating the compression members were 
working well. ' / 

Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will 
25 be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
30 that the invention includes all such variations and modifications which fall within its spirit and 
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scope as defined by the appended claims. 
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THE CLAIMS 

1. A fuel cell assembly comprising a planar fuel cell having an electrolyte layer with an 
anode layer on one side and a cathode layer on the other side, the fuel cell being disposed 
between and in electrical contact with respective interconnect members, oxygen-containing 

5 gas passage means being formed between the cathode layer and the adjacent interconnect 
member and fuel gas passage means being formed between the anode layer and the adjacent 
interconnect member, and wherein a chamber of greater height than the thickness of the fuel 
cell is defined between the interconnect members within which the fuel cell is received and 
electrically conductive compressible means also disposed within the chamber in electrical 
10 contact with a first side of the fuel cell and the adjacent interconnect member urges the fuel 
cell towards the adjacent interconnect member on the second side thereof to maintain the fuel 
cell in electrical contact with both interconnect members. 

2. A fuel cell assembly according to claim 1 comprising a stack of a plurality of planar 
15 fuel cells each comprising an electrolyte layer having an anode layer on one side and a 

cathode layer on the other side and a plurality of interconnect members, each fuel cell being 
disposed between and in electrical contact witfi an adjacent pair of interconnect members with 
oxygen-containing gas passage means being formed between the cathode layer of each fiiel 
cell and the adjacent interconnect member and fuel gas passage means being formed between 

20 the anode layer of each fuel cell and the adjacent interconnect member, and wherein a 
chamber of greater height than the thickness of the respective fuel cell is defined between the 
adjacent interconnect members in each pair within which the fuel cell is received, and 
electrically conductive compressible means also disposed within the chamber in electrical 
contact with a first side of the fiiel cell and the adjacent interconnect member urges the fuel 

25 cell towards the adjacent interconnect member on the second side thereof to maintain the fuel 
cell in electrical contact with both adjacent interconnect members. 

3. A fuel cell assembly according to claim 1 or claim 2 wherein the electrically 
conductive compressible means is disposed on the anode side of the fuel cell. 

30 
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4. A fuel cell assembly according to claim 3 wherein the electrically conductive 
compressible means is formed of a material selected from a metal from Groups 8-11 of the 
Periodic Table, preferably nickel, an alloy of one or more of such metals, and such a metal 
which has been oxide dispersion strengthened. 

5 

. 5. . A fuel cell assembly according to any one of the preceding claims wherein the 
electrically conductive compressible means is selected from a structure which retains some 
resilience at the operating temperature and a composite of a porous britde material and a 
metal. 

10. . , . 

6. A fuel pell assembly according to claim 5 wherein the electrically conductive 
compressible means comprises a cormgated sheet of metal or metallic material, preferably 
ejqsanded, optionally with a substantially flat sheet of metal or metallic material, preferably 
expanded, disposed between the corrugated sheet and the fuel cell. 

15 . 

7. A fuel cell assembly according to claim 6 wherein a substantially flat sheet of metal 
or metallic material, preferably expanded, is disposed between the corrugated sheet and the 
adjacent interconnect member, optionally joined to the corrugated sheet. 

20 8. A fiiel cell assembly according to. claim 6 or 7 wherein the electrically conductive 
compressible means is joined to the adjacent interconnect member, preferably by spot 
welding. 

9. A fuel cell assembly according to any one of claims 6 to 8 wherein the electrically 
25 conductive compressible means forms the^gas passage means between the first side of the fuel 

cell and the adjacent , interconnect member and contacts a tlat side of said adjacent 
interconnect member. 

10. A fuel cell assembly according to any one of the preceding claims wherein die 
30 electrically conductive compressible means is disposed on die upper side of the fuel cell. 
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11. A fuel cell assembly according to any one of the preceding claims wherein a seal is 
provided around a peripheral portion of the fiiel cell between the second side thereof, 
preferably in contact with the electrolyte layer, and the adjacent interconnect member to seal 
the oxygen-containing gas and fuel gas in the chamber from each other. 

5 

12. A fuel cell assembly according to claim 1 1 wherein the seal is compressible in use, 
preferably solid at room ten^erature and viscous at the cell operating temperature, preferably 
to the extent that the electrode layer on the second side of the fiiel cell is initially spaced from 
the adjacent interconnect member and abuts and makes electrical contact with sa;id adjacent 

10 interconnect member at the operating temperature, and preferably is in the form of a glass- 
containing gasket, optionally with plural layers of glass-containing material. 

13. A fuel cell assembly according to claim 11 or 12 wherein the seal, or a separate seal ^ 
member optionally having the same properties as the seal, extends around the chamber to at ^ Jt 

15 least partially seal the chamber from the exterior. 

14. A fuel cell assembly according to any one of the preceding claims wherein an -pv% 
insulating spacer extends around the fuel, cell and the electrically conductive compressible 
means to at least partly define the chamber, optionally with a seal member disposed between 

20. the insulating spacer and the interconnect member adjacent to the first side of the fiiel cell. 

15. A fuel cell assembly according to any one of the preceding claims which is internally 
manifolded. 

25 16. . A fuel cell assembly according to any one of the preceding claims wherein the or each 
fuel cell is one of an array in a respective layer of plural planar fuel cells in the assembly, 
each disposed in a chamber as defined in claim 1 , optionally with the interconnect members 
adjacent a common side of all or more than one of the fuel cells in each array being formed 
in a single plate, 

30 

BNSDOCl D: <WO„_e857384A 1 „L> 




BNSCOCID: <WO 9857384A1_I_> 



wo 98/57384 



PCT/ALI98/00437 



2/9 




Ge673e4A1 I > 



wo 98/57384 



PCT/AU98/00437 




wo 98/57384 PCT/AU98/00437 



5/9 




BNSDOCID: <WO 98S7384A1_L> 



wo 98/57384 PCT/AU 98/0043 7 

4/9 




FIG 5 



BNSDOCID; <WO d857384A1_l_> 



wo 98/57384 



PCT/AU98/00437 



6/9 



FIG 9 




FIG 10 



BNSCXX^ID: <WO.. 9e573e4Al I > 



wo 98/57384 



PCT/AU98/00437 



7/9 



500 




Current, A 



FIG 11 



BNSDOCID: <WO 9857384A1J..> 



wo 98/57384 



PCT/AU98/00437 




wo 98/57384 PCT/AU 98/00437 



9/9 




A 'oBb;|Oa liao 



CO 

5 



BNSDOCID: <WO 98S73e4Al l_> 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



International Application No. 
PCT/AU 98/00437 



This Annex lists the known "A" publication level patent family members relating to the patent documents cited 
in the above-mentioned international search report. The Australian Patent Office is in no way liable for these 
particulars which are merely given for the purpose of information. 



Patent Document Cited in Search 
Repon 






Patent Family Member 






US 5350642 


EP 


568991 


JP 5315004 






US 4983472 


CA 


2068865 


EP 502125 


WO 


9108595 



END OF ANNEX 



Form PCT/ISA/210 (extra sheet) (July 1992) coprow 



DOCIO; <WO 9e57384A1„l^> 



INTERNATIONAL SEARCH REPORT 






International Application No. 










PCT/AU 98/00437 


A. 


CLASSIFICATION OF SUBJECT MATTER 






Int CI^- 


HOIM 8/02//H01M 8/12, 8/24; HOIM 2/00, 2/10, 2/14, 2/16, 2/18 






According to International Patent Classification (IPC) or to both national classification and IPC 




B. 


FIELDS SEARCHED 










Minimum documentation searched (classiftcation system followed by classification svmbols) 
IPC: HOIM 8/02, 8/12, 8/24, 2/00, 2/10, 2/14, 2/16, 2/18 


Documcntaiion searched other than minimum documentation to the extent that such documents arc included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search ternis used) 
WPAT: KEYWORDS - PLANA: 


C. 


DOCUMENTS CONSIDERED TO BE RELEVANT 






Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 5350642 A (Akagi) 27 September 1994 
Entire document 








1-16 


A 


US 4983472 A (Katz et al.) 8 January 1991 
Entire document 








1-16 


□ 


Further documents are listed in the 
continuation of Box C 




jx 1 See patent femily annex 


* Special categories of cited documents: 

"A" document defming the general state of the art which is 
not considered to be of particular relevance 

"E" earlier document but published on or after the 
international filing date 

"L" document which may throw doubts on priority claiin(s) 
or which is cited to establish the publication date of 
another citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, 
exhibition or other means 

"P" document published prior to the international filing 
date but later than the priority date claimed 


"P* later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

*'X" document of particular relevance; the claimed invention cannot 
be considered novel or cannot be considered to involve an 
inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot 
be considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 


Date of the actual completion of the international search 
10 July 1998 


Date of mailing of the international search report 

1 6 JUL 1998 


Name and mailing address of the ISA/AU 
AUSTRALIAN PATENT OFnCE 
PO BOX 200 
WODEN ACT 2606 
AUSTRALIA 

Facsimile No.: (02) 6285 3929 


Authorized officer 

G. CARTER 

Telephone No.: (02) 6283 2154 



Fonn PCT/ISA/210 (second sheet) (July 1992) coprow 

BNSDOCID: <WO 9857384A1_L> 



